Chronic idiopathic intestinal pseudoobstruction is a serious disorder of intestinal neuromuscular function resulting in recurrent episodes of intestinal obstruction, and is caused by primary disease ofthe enteric nerves or enteric smooth muscle. Gastric electrical control activity detected by the non-invasive technique of surface electrogastrography was investigated in 11 children (0-1-16 years) with proven chronic idiopathic intestinal pseudoobstruction (four with known disease of the enteric nerves, three with disease of smooth muscle cells, and four without defined pathology), to determine whether abnormalities were present and whether these were useful in detecting the underlying pathology. Abnormalities were present in eight of 11 patients. Persistent tachygastria (electrical control activity frequency >5 cycles/minute) was found in three patients, all with a proven neuropathy. A continuously irregular frequency was found in five patients, three with a proven myopathy and two with undefined pathology. A normal electrical control activity frequency was present in three patients, one with a proven neuropathy and two with undefined pathology. It is suggested that this non-invasive technique may provide a useful screening test of the pathophysiological basis of the functional obstruction in children with chronic idiopathic intestinal pseudoobstruction. (Gut 1992; 33: 1477-148 
Chronic idiopathic intestinal pseudoobstruction is an uncommon but serious disorder of intestinal neuromuscular function which results in recurrent episodes of intestinal obstruction without a mechanical cause, in vomiting, and in an inability to tolerate oral feeds. Chronic idiopathic intestinal pseudoobstruction is usually caused by disease of the enteric nerves or smooth muscle. This is most often a primary disorder in children but in adults is more commonly secondary to diseases such as diabetes mellitus or scleroderma. Contractile activity of the muscle coats of the gut is regulated by myogenic, neural, and humoral factors. Myogenic control is related to the intrinsic excitability of gastrointestinal smooth muscle cells, and particularly to the constant rhythmic polarisation and depolarisation of the plasmalemmal membranes which gives rise to the electrical slow wave or electrical control activity. Neural and humoral factors modulate these processes to produce patterns of activity appropriate to the circumstances of the gastrointestinal tract at a given time. Abnormalities of electrical control activity have been associated with dysmotility of the gastric antrum, paroxysmally with nausea and vomiting' and persistently with chronic intractable vomiting. 2 At the present tine the diagnosis of chronic idiopathic intestinal pseudoobstruction is based upon invasive investigations, including the demonstration of characteristic patterns of small intestinal motor activity by intraluminal manometry,34 and the histological examination of full thickness intestinal biopsies. As children with diffuse chronic idiopathic intestinal pseudoobstruction frequently vomit, we have investigated gastric electrical control activity as detected by the non-invasive technique of surface electrogastrography in the fasting state in such children to determine if persistently abnormal electrical control activity was present, and if it was related to the underlying pathology of enteric nerves and muscle coats.
Methods

PATIENTS
Eleven children with a presumptive diagnosis of chronic idiopathic intestinal pseudoobstruction were investigated. Clinical details of the patients are given in Table I . All had severe symptoms of intestinal pseudoobstruction, including episodic vomiting, abdominal distension, and intolerance of food. None of the patients had evidence of a central nervous system or an autonomic nervous system disorder. The diagnosis was confirmed in all 11 patients by contrast radiography and by antroduodenal manometry performed in a manner previously described.5 All had markedly abnormal manometric recordings. In eight of the 11 patients, full thickness intestinal biopsy specimens were available for histological examination. Fifteen control children (age 0 2-17 years, median 11 years) without symptoms of gastrointestinal motor dysfunction formed a control group for surface electrogastrography recordings.
Fasting gastric electrical control activity was recorded and analysed using a modification of were obtained in eight of the children. In one patient (patient 4) only routine sections were available for analysis. Biopsy specimens from the remaining seven subjects were divided for routine microscopy (fixation in buffered formalin), for silver staining (fixation in formol saline) and for histochemistry (snap frozen in hexane at -80°C); a portion was taken for electron microscopy (fixation in 2.5% glutaraldehyde in 0-1 M cacodylate buffer containing 2 5 mM CaCl2 at pH 7.4, postfixation in 1% osmium tetroxide and processed into araldite by conventional methods). General morphology was assessed in routine sections. Connective tissue was demonstrated in routine and cryostat sections stained with trichrome and picrosirius methods. Acid phosphatase activity was used to detect lysosomal degradation in smooth muscle, and acetylcholinesterase staining was used to identify nerve fibre distribution in cryostat sections.7 The ultrastructure of the intestine was examined in seven patients. The analysis of the electrogastrogram and the histology was conducted by independent observers in a blind manner.
Results
ELECTROGASTROGRAPHIC FINDINGS
The dominant frequencies and the histological abnormalities found in the 11 patients are shown in Table II . A persistently and abnormally fast electrical control activity frequency (>5 cycles/ minute), a tachygastria, was found in three of the subjects with chronic idiopathic intestinal pseudoobstruction and in none of the control subjects. A clear dominant electrical control frequency close to 3 cycles per minute was found in three of the subjects with chronic idiopathic intestinal pseudoobstruction and in all of the control subjects. In five of the subjects with chronic idiopathic intestinal pseudoobstruction, a continuously irregular frequency was present such that no clear dominant frequency could be found in the recording (Fig 2) .
HISTOPATHOLOGICAL FINDINGS
In the one subject (patient 4) from whom routine sections only of large bowel and ileum were available, histological examination showed an inflammatory process predominantly affecting the myenteric plexus particularly in the Frequency (cpm) appendix but extending to the small intestine. Neurones in the myenteric plexus were not identified in the colon and were sparse and appeared degenerate in the appendix and ileum. Pathological changes either in the neural plexus or in the smooth muscle coats were not evident in routine or cryostat sections, or on histochemical staining, in the seven subjects from whom full thickness bowel samples were available for further analysis. In three of these patients (patients 5, 6, and 7), ultrastructural examination, however, showed abnormalities of smooth muscle fibres whilst normal argyrophilic neurones were seen in the silver preparations. In one patient (patient 8) there was no conclusive ultrastructural evidence of a myopathic change, and the neurones appeared ultrastructurally normal. No material was available for silver staining from this patient. In the remaining three subjects (patients 1, 2, and 3) silver staining revealed a neuropathic abnormality with absent or severely depleted and ill defined argyrophilic neurones in the myenteric plexus. Electron microscopy of the bowel from one of these patients (patient 1) also showed atrophic and shrunken neurones in the myenteric plexus. Intestinal smooth muscle from these patients was ultrastructurally unremarkable.
RELATIONSHIP BETWEEN ELECTROGASTROGRAPHIC, HISTOPATHOLOGICAL, AND MANOMETRIC FINDINGS
The four patients with proven neuropathy had severely disturbed propagation and organisation of antroduodenal motor activity. All three patients with proven myopathy had abnormal conformation of phase III of the migrating motor complex with a low amplitude of contraction. Two of the four patients without a proven histological diagnosis had low amplitude poorly formed phase III complexes. Of the remaining two patients, one had both low amplitude of contractions and severe disorganisation of activity, and one (patient 8) has no motor activity detected.
All three subjects with a tachygastria (patients 1, 2, and 3) had a proven neuropathy of the myenteric plexus whereas three of the five patients with a continuously irregular frequency of the electrical control activity had clear evidence of a myopathy of the muscle coats on ultrastructural studies. In the remaining two patients the ultrastructural changes in the muscle coats were inconclusive in one case (patient 8) and the histological material was inadequate for diagnosis in the other case (patient 9). 17 Abnormality of the electrical control activity has been shown to occur in association with motion sickness,'8 in patients with idiopathic gastroparesis,`' unexplained nausea and vomiting,' and anorexia nervosa,`7 and in response to vagotomy2`and to administration of glucagon.' One case report has been published describing a gastric electrical control activity close to 005 Hz (3 cycles/minute) with normal histology in a child with an idiopathic motility disorder. '4 Tachygastria has been reported in a child with gastric atony,2' who later developed the full clinical picture of CIIP.22 To our knowledge, this is the first report of persistent antral dysrhythmias in a series of patients with chronic idiopathic intestinal pseudoobstruction and known disease of enteric nerves or smooth muscle.
Three of the four patients with a known neuropathy but none of the control group and none of the patients with a known myopathy had a persistent tachygastria in the fasting state. Thus detection of a persistent tachygastria in the fasting state is highly suggestive of a neuropathic basis for the pseudoobstruction. The mechanism whereby a neuropathy may produce a tachygastria is uncertain. The neural abnormalities that could induce a tachygastria include loss of intrinsic inhibitory innervation or lack of extrinsic autonomic inhibition. We have no evidence in any of our patients, after investigation of the central and autonomic nervous systems, that extrinsic neural control was disordered. It is clear, however, that a variety of conditions affecting the extrinsic nerves and the central nervous system may result in tachygastria, ranging from children with cerebral palsy,23 to motion sickness,'8 anorexia nervosa,à nd vagotomy.24 In these conditions, with the exception of cerebral palsy, the tachygastria is usually paroxysmal, and the increased frequency is somewhat variable. We were impressed that the tachygastria in our patients with neuropathic pseudoobstruction was both persistent and raised consistently in the fasting state. We were unable to explore systematically the electrical control activity in the postprandial state because of the patients' intolerance to food. We would suggest that in neuropathic pseudoobstruction it is more likely that the tachygastria is induced by loss of intrinsic inhibitory innervation which may normally modify the frequency of polarisation of the plasmalemmal membrane of the gastric smooth muscle cells.
The presence of a continuously irregular frequency such that no dominant frequency could be shown was found in the three patients with a proven myopathy and in two patients with a manometric pattern suggestive of muscle disease. Electrical control activity is caused by the entrainment of the fluctuations of the transmembrane potentials of individual smooth muscle cells. The apparent continuously irregular frequency recorded, which contains high and low frequency components, may have several explanations. It may be the result of inability to maintain a constant frequency of electrical control activity and this may be due to the effects of muscle disease on groups of muscle cells producing populations with altered frequencies. Alternatively, it is possible that the abnormal recordings are the result of poor summation of the electrical signal in the abnormal muscle syncytium and poor projection onto the body surface. A reduced amplitude of the electrical control activity may result in a marked diminution of the signal to noise ratio making it difficult to extract the true dominant frequency. In addition, it may be considered that the frequency pattern results from a technically unsatisfactory recording. We think the last explanation is unlikely as unsatisfactory recordings produced on our equipment result in a signal with an overwhelming predominance of low frequencies of <0025 Hz (unpublished observations). At the present time, it is not possible to distinguish between the other alternative explanations, though it may be that both factors operate to modulate the pattern of frequencies recorded at the body surface. In the future, computerised spatial mapping of the distribution of frequencies in the manner now being used for electroencephalographic mapping of epileptic foci may provide a non-invasive alternative to multiple implanted electrodes to help distinguish between the above explanations.
In conclusion we have found a persistent tachygastria in the fasting state in three of four patients with chronic idiopathic intestinal pseudoobstruction with a known neuropathic basis for their condition, and in none of 15 control patients, none of three patients with chronic idiopathic intestinal pseudoobstruction as a result of muscle disease, and none of four with chronic idiopathic intestinal pseudoobstruction with an unknown basis. In the three patients with muscle disease there was absence of a dominant frequency. We suggest that surface electrogastrography may offer a non-invasive means of screening patients with suspected neuromuscular disease of the gut causing persistent vomiting and episodes of functional obstruction.
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